To investigate an association between the metabolic syndrome (MS) and alanine aminotransferase (ALT) of normal ranges. DESIGN: A population-based cross-sectional survey in three rural communities, South Korea. SUBJECTS: A total of 1248 men and 2157 women aged 30 y and older. MEASUREMENTS: Body mass index (BMI), waist circumference, fasting blood lipid and glucose, resting blood pressure, and ALT. RESULTS: ALT and BMI increased with an addition of the MS components. A consistent association between ALT more than 15 IU/l and the MS was found in both sexes, independently of age, education, BMI, smoking, alcohol drinking, and sedentary life style. The odds ratios for the MS in the highest quintiles of ALT were 7.1-fold higher than the reference quintile in men and 2.1-fold higher in women. The likelihood ratio tests for trend were also significant with ALT increments (Po0.001 for trend). CONCLUSION: The MS is significantly associated with the higher quintiles of normal ALT in both genders. ALT could be a sensitive marker of hepatic dysfunction associated with the MS, even in the range below the current limit.
Introduction
Evidences of low-grade inflammatory status of the metabolic syndrome (MS) and obesity have accumulated; increased acute-phase reactants like C-reactive protein (CRP), and proinflammatory cytokines including interleukin-1 (IL-1) and -6 (IL-6). [1] [2] [3] [4] [5] [6] Cardiovascular mortality was reported to be markedly increased in subjects with the MS, 7, 8 and a measurement of CRP adds an important prognostic information to the syndrome. 9 In addition to the increased vascular events among subjects with the MS, nonalcoholic fatty liver disease (NAFLD), an additional feature of the MS with specific hepatic insulin resistance, 10 has become the second or third commonest liver disease. 11, 12 In a population study, the majority of aminotransferase elevation could not be explained by alcohol, viral hepatitis, or hemochromatosis. Rather, unexplained alanine aminotransferase (ALT) elevation was strongly associated with the adiposity and features of the MS. 13 Usually, NAFLD patients had an elevated ALT enzymatic activity, 14 but a normal ALT did not guarantee freedom from underlying steatohepatitis with advanced fibrosis. 15 The purpose of the present study was to explore the relationship between the MS and normal ALT among subjects based on a survey of rural population in South Korea. We studied a prevalence of the MS and compared the levels of ALT according to the MS components, and we examined whether higher normal ALT was more strongly associated with the MS.
Materials and methods

Study population
Potential participants for this study were recruited in 1999 from all inhabitants aged 30 y and over recorded in national residents registration lists within three rural areas (Goheung, Gokseong, and Namwon) of Chonnam and Chonbuk provinces, South Korea. In these three rural areas, 43 local districts were located. Among them, 11 districts were selected by multistage cluster sampling (25.6%). This covers a land area of 563 km 2 and has 6367 people aged 30 y and over (2867 men and 3491 women in total). All participants gave written informed consent and the study was approved by the appropriate research ethics committee.
Assessments and measurements
The study was conducted by medical personnel in the health care centers of the three rural areas, all of whom were trained and supervised by the Preventive Medicine physicians. A blood sample was taken from each participant, and an interview was conducted. The administered questionnaire was designed to determine prior history of cardiovascular diseases, type II diabetes mellitus (DM), hypertension, and medication usage. Life style questions included alcoholdrinking status, as estimated by frequency, duration, amounts and kinds of liquor, and standard drinks (9.5 g of alcohol) per day were calculated. Smoking status was categorized into current smokers, ex-smokers, and nonsmokers. Exercise was graded into regular, occasional, and no exercise. Blood pressure was measured on the right arm, with the subject in the sitting position, using a standard mercury manometer after at least 5 min of rest. First appearance (phase I) and disappearance (phase V) of Korotkoff's sounds were used to define the systolic and diastolic pressure.
Readings were recorded to the nearest even number, and two readings at 5 min intervals were taken from each participant. The lower of the two readings was taken as the individual's blood pressure. 16 Waist circumference was measured, with the subject standing and wearing only underwear, at the level midway between the lower rib margin and the iliac crest, while that of the hip was measured at the fullest point around the buttocks. Body mass index (BMI) was calculated by a computer as weight divided by height squared (kg/m 2 ). Blood samples were taken after an overnight fast and before the breakfast. Blood lipids were analyzed at Seonam University Research Laboratory on the day of collection using a 550 Express Chemistry Analyzer (Ciba-Corning 550 Express, GMI Inc, USA). Total cholesterol was assayed by an enzymatic test with cholesterol esterase and cholesterol oxidase, and triglycerides were assayed colorimetrically with glycerol phosphate oxidase. High-density lipoprotein (HDL) cholesterol was quantitatively determined based on immunoinhibition by antihuman b-lipoprotein antibody kits (Wako Pure Chemical Industries, Ltd, Japan). Fasting blood glucose was measured using an enzymatic colorimetric assay with hexokinase, and ALT was measured with an enzymatic assay. Assay performance was monitored regularly by the Korean Association of Quality Assurance for Clinical Pathology (KAQACP) and Clinical Pathology Laboratory Inspection and Accreditation in Korea. 17 
Definition
The MS was identified by the presence of three or more of the components, according to the Third Adults Treatment Panel (ATP-III) of the National Cholesterol Education Program (NCEP), 18 modified to use different waist circumference cutoffs instead of the original:
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(1) abdominal obesity: waist circumference Z90 cm in men and Z80 cm in women; (2) high triglyceride: Z1.695 mmol/l; (3) low HDL cholesterol: o1.036 mmol/l in men and o1.295 mmol/l in women;
(4) high blood pressure: Z130/85 mmHg or subjects using antihypertensives; (5) high fasting glucose: Z6.1 mmol/l.
The limit of normal ALT at our institution was 40 IU/l for men and 30 IU/l for women. ALT lower than these cut-points was defined as 'normal.'
Statistical analysis
For numerical parameters, the mean and standard deviation (s.d.) were reported. For categorical data, the proportion of the subjects having a given parameter was recorded. 
Results
Among the total eligible subjects (n ¼ 6,367), 3824 subjects attended the survey (response 60.1%). Fasting blood samples were available in 3641 subjects (57.2%). In total, 127 men and 109 women (6.5%) were categorized as an abnormal ALT group (ALT, more than 40 IU/l in men and 30 IU/l in women) and excluded in the final analysis. Finally, 1248 men and 2157 women (53.5%) were evaluated for an association between the MS and ALT. Participants (n ¼ 3405) were aged from 30 to 97 y. Participants are older (mean7s.d., 60.9711.8 y) than the nonparticipants (58.0712.5 y) and consisted of more women characteristics (54.1 and 46.2%).
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The abnormal ALT group was aged from 31 to 87 y and the median value of ALT was 49 (interquartile ranges; 41-64). Among them, the MS was present in 41.5%, which was significantly higher than in the normal ALT group (Po0.001).
Descriptive data were displayed in Table 1 for the total sample and according to the presence of the MS. MS was present in 23.8% of the participants, including 187 (15.0%) men and 622 (28.8%) women (Po0.001). The prevalence increased with age; the lowest prevalence was seen in the 30-39 y (11.7%), followed by 40-49 (20.5%), 50-59 (22.7%), 60-69 (24.0%), 80 or over (28.3%), and 70-79 (28.9%). High blood pressure was the most common abnormality (50.8%) in the total subjects. However, among participants with the MS, abdominal obesity was the most common abnormality (81.6%). Most of those with the MS had three components of those (66.0%), 28.7% had four, and 5.3% had five components. Only 17.3% were without any abnormality of the various components.
MS was significantly associated with old age, women, no formal education, sedentary life style, non-smoker, nondrinker, and high BMI. The mean value of BMI (kg/m 2 ) was 25.273.1 in subjects with the MS and 23.073.0 in those without the syndrome (Po0.001). The amount of alcohol ingested (standard drinks per day) was significantly smaller in the MS group as well as the higher proportion of nondrinker among them. The levels of ALT according to the each MS component were described in Table 2 . Among the components, abdominal obesity, high triglyceride, low HDL cholesterol, and high fasting glucose showed significantly higher mean values of ALT in men. In women, high triglyceride and fasting glucose represented significantly higher levels of ALT.
ALT and BMI increased according to an addition of the number of MS components as described in Table 3 . Both the values showed linear increments up to three additions of the components and later, the relationship was somewhat flattened in both genders.
The associations between the MS and quintiles of normal ALT were calculated, independently of age, education, BMI, smoking, alcohol drinking, and sedentary life style in Table 4 . The second quintiles (12-14 IU/l in men, 11-12 in women) were set into references, because proportions of the MS were lowest in those ranges. ALT more than 15 IU/l showed strong associations with the MS in both genders. The highest quintiles showed an adjusted odds ratio (OR) and 95% confidence intervals (95% CI) of 7.10 (3.45-14.60) in men, and 2.10 (1.49-2.96) in women. The proportion of the MS increased significantly with an increment of ALT quintiles (Po0.001) and all the likelihood ratio tests for trend showed strong significances (Po0.001).
Discussion
There is a strong association between the MS and higher normal ALT. ALT more than 15 IU/l is strongly associated with the MS compared with the references (12-14 IU/l in men and 11-12 IU/l in women), even after an adjustment of potential confounders. To our knowledge, it is the first report to show an association between normal ALT and the MS. As our study was designed as cross-sectional, a causal relationship between the MS and the liver enzymatic activity could not be defined. However, based upon the previous studies, we can suspect some important clinical implications related with the findings.
People with the MS have been reported to have higher incidence of cardiovascular disease and stroke. 7, 8 Even an exact pathomechanism has not been elucidated, subclinical inflammatory status was thought as one of important Association between the metabolic syndrome and higher normal ALT S-K Jeong et al etiologic causes, which was evidenced by increased acutephase reactants like CRP. 1 About 50% of the participants with the MS in the present study had obesity (BMI Z25 kg/ m 2 ) compared with 23% of participants without the syndrome. 19 Excess adipose tissue is a source of IL-6, 20 which stimulates hepatic CRP releases. 21 BMI is correlated with IL-6
and CRP concentrations. 6, 22 Visceral fat has also been known to be a potent modulator of insulin action on hepatic glucose production and gene expression of tumor necrosis factor-a, leptin, and insulin-like growth factor binding protein-1. 23 Since the pathologic entity of diabetic hepatitis has been introduced, 24 the relationships between type II DM or insulin resistance and hepatic functional derangement are continuously studied. In the previous reports, BMI, 25 a raised index of insulin resistance, 14 or features of the MS 26 were reported to be the only independent predictor of the degree of fat infiltration or NAFLD.
ALT has been used to identify nonalcoholic steatohepatitis showing severe liver fibrosis among NAFLD, 14 which is known as the second or third commonest liver disease with an epidemic of overweight and obesity. 11, 27 And ALT was also used to monitor the therapeutic efficacy of some antidiabetic agents, 28, 29 diet restriction with exercise, 30 and phlebotomy. 31 A study based on medical records, liver transaminase abnormalities in a healthy adult population was associated with male, high BMI and triglycerides. 32 An analysis of the first time blood donors showed that serum ALT was independently related to high BMI and abnormal lipid and carbohydrate metabolism. 33 They suggested normal limits for ALT levels to be revised as lower than current limits. In addition to those clinical studies, the prevalence of aminotransferase elevation was reported in a population study; the majority of elevation was strongly associated with adiposity and features of the MS. 13 Authors reported that the most cases of unexplained aminotransferase elevations were caused by NAFLD, even without definite histologic findings. A linear association between the MS and normal ALT in the present study suggests that ALT can be a more sensitive marker of hepatic functional status, especially for NAFLD. Higher normal ALT in subjects with the MS suggests a greater burden on a hepatic function and a higher possibility of subsequent development of NAFLD. The major determinants of higher normal ALT in subjects with the MS seems to be Association between the metabolic syndrome and higher normal ALT S-K Jeong et al various components including high BMI, as previously reported. 32, 34 There were some limitations to this analysis. Authors could not rule out the possibility of confounding effects by viral liver diseases. However, the reported prevalence of hepatitis B carrier and hepatitis C was about 5% and less than compared the previous era in Korea. 35, 36 So it could not be an important confounder in our population study. Second, we had only one measurement of ALT. ALT was changed over a 6-month period. 37 However, we confined ALT within normal ranges and aimed to show any associations with the MS. So the variability of ALT could not be a matter of conflicts. Finally, participation rates in our survey were somewhat low. On average, nonparticipants were younger than participants, and there was a higher percentage of men in the former. Even if all the nonparticipants had participated in the study, however, our results would not change, although additional statistical power would be added to our analysis.
There is a strong association between high normal ALT above 15 IU/l and the MS. Most of the subjects with the syndrome are obese and insulin resistant; they usually have higher concentrations of IL-6 and CRP as proinflammatory markers, and higher ALT as a marker of hepatic dysfunction, which can be strongly associated with increased vascular events and NAFLD. ALT, even below the abnormal cutoff points, could be a sensitive marker of hepatic dysfunction associated with the MS.
